T H E last com m unication I had the honour to lay before the Royal Society, related to the organic rem ains of the colossal extinct Reptiles, which inhabited the dry land, during th at rem ote period when the W ealden stra ta were deposited. The present notice em braces the consideration of the fossil relics of beings so m inute as to be invisible to the unassisted eye, that swarmed in the cretaceous ocean, and of which num eious genera and species have descended through succeeding ages, and constitute a large proportion of the inhabitants of the present seas.
DR. MANTELL ON FOSSIL FORAMINIFERA.
chambers, of mineral m atter of a different colour from the surrounding m a trix ; a circum stance of common occurrence, not only in Am m onites, N autili, and other cham bered Cephalopoda, b u t also in Polythalam ia, which are frequently filled with chalk, flint, and silicate of iron*. T he usual appearance of the fossil Rotaliae filled with chalk, when viewed by transm itted light, and rendered sem i-transparent by C anada balsam, is shown in fig. 6 .
The unequivocal organic structure, however, discernible in the substance contained in the cells of the Rotaliae by a highly m agnifying power, and of which no traces are observable in the m ineral casts, and the identity of appearance in the fossils and the corrugated anim al body in the L evant specimens, convinced me of the correct ness of the explanation I had suggested. I therefore resolved to follow up the in quiry by an exam ination of Rotalise from chalk', in the expectation, th at if the shell were dissolved by acid, indications of the body of the original m ight be detected in the residuum , in an unm ineralized condition. A fter m any fruitless experiments, I succeeded in procuring several exam ples of the soft bodies of Rotalise in an extra ordinary state of preservation, from the grey chalk of Folkstone.
To M r. H enry D eane of Clapham Com mon, an able chem ist and microscopical observer, I am indebted for the m ost illustrative specimens ; accurate figures of which, draw n by M r. M ounsey, and M . D inkel, are subjoined. These relics were obtained by subjecting a few grains of the cretaceous rock to the action of weak hydrochloric acid, by which m eans the calcareous earth , and th e shells it enveloped, were rem oved; the residue consisted of particles of q u artz, and of green silicate of iron, with which th e chlorite chalk abounds, and num erous rem ains of the soft parts of animalcules. A sm all portion was then prepared in the usual m anner w ith C anada balsam, and this was found to contain m any X anthidia, and the Rotaliae hereafter described.
I have not had an opportunity of exam ining the stru ctu re of the living Rotaliae; b u t from the recent observations of M. E hrenberg, it appears th a t the organization of these m inute anim als is very simple, and has no relation w hatever to th at of the Cephalopoda, as was form erly conjectured. T he body is inclosed w ithin the shell, and occupies not only the outer cham ber, b u t also all the cells contemporaneously; and th e shell is pierced all over w ith m inute pores like a sieve (see fig. 15 ), through which ten tacu la protrude ; there are also several soft tran sp aren t feelers or pseudopodia, which are instrum ents of locom otion. T he shell of the R otalia, therefore, though presenting the general form and cham bered structure of th a t of the N autilus, is essen tially d ifferen t; for while in the shell of the latter, the anim al occupies only the outer cham ber, and all the internal com partm ents are successively-quitted empty dwellings, in the Polythalam ia the body distinctly fills up simultaneously all the cells. W hen the * In these cases, the shells were probably either empty when enveloped in the liquid chalk or flint, or speedily became so by the decomposition of the soft parts; but in the instances under examination, I conceive that the live animal was suddenly enclosed in its shell, and hermetically sealed, as it were, by the investing mineral matter, and thus the usual putrefactive process prevented.
shell is removed by weak hydrochloric acid, the soft body is exposed, and is seen to extend to the innermost cham ber; and there is a connecting tube occupying the place of the siphuncle of the Nautilus, but which is the intestinal canal; for the cells of the shell contain the receptacles of the digestive sacs or stomachs, in which minute Infusoria (as Monads, Naviculae, &c.), that have been swallowed by the animal, may sometimes be observed.
In the fossils, the appearance of the parts which I suppose to be the digestive organs, is that of a series of bladders or sacs, composed of a tough, flexible skin or integument, connected by a tube. These organs are more or less filled with a dark substance ; those which are distended are always well-defined, while the empty ones are collapsed and disposed in folds, ju st as membranous pouches would appear under similar conditions. The sacs regularly diminish in size from the outer to the inner most cell, and vary in number from fourteen to tw enty-six; being far more nume rous than in the recent species. In some instances small papillae are observable on the external surface of the integum ent; these are probably vestiges of the pseudo podia or tentacula.
The specimens to which I would first solicit attention are two Rotalise in flint (figs. 8 and 12). In the example, fig. 12 , which is seen in an oblique direction, the outline and thickness of the shell and its septa are distinctly visible; as if a longitu dinal section had been made through the shell, and the portion nearest the observer removed. Every compartment contains a brown granular substance, and the con necting tube is partially distended with a similar material. In this specimen, either a portion of the shell has been removed by the section of the flint so as to display the internal parts, or it has been transm uted into silex so transparent as to elude obser vation*. As an object of comparison with this fossil, the shell of a recent species from the Levant, seen by reflected light with a low power, is represented, fig. 15 . The general contour of the shell is nearly the same in both ; but in the recent example the outer surface remains, and exhibits the characteristic foramina of the genus. In the chalk Rotalise the perforations are for the most part obscured by the calcareous investm ent; but occasionally specimens both of the single and compound Polythalamia are met with, in which they are well-displayed; and in some instances the foramina are filled by a dark material, as if the bases of the tentacula were remaining* in the state of molluskite-j\
The fossil, fig. 8 , is contained iri the same atom of flint as that above described. The interior of the animalcule is here completely exposed ; the sacs and the intes tinal canal are as perfect as in an individual recently dead, and ju st taken out of the sea. The folds of the sacs that are but partially filled with the brown endochrome, resemble the duplicatures produced by the shrinking, or corrugation, of a flexible integum ent. The outline of the shell is but dimly visible, and can only be rendered apparent by a peculiar arrangem ent of the m irror of the m icroscope; but it is suffi ciently defined to show th a t the sacs occupy their respective chambers. As these two specimens are contained in sem i-transparent flint, the appearances described may be supposed to have originated from the soft p a rts'h av in g undergone silicification, the brown endochrome of the original constituting the colouring m aterial; but this hypothesis cannot be applicable to the following exam ples, all of which are from the Folkstone grey chalk. These are associated with num erous particles of transparent white and green q u a rtz ; all vestiges of the shells having been destroyed by the acid. Fig. 5 , is the body of a R otalia deprived of its shell by the process pre viously described; it consists of fourteen sacs, in their n atu ral position, which are filled with a dark substance, and present no folds or corrugations, as do the empty sacs in other examples. A t the part corresponding w ith the outer com partm ent, a considerable space is occupied by a pale transparent m aterial, extending in patches beyond and below, and enveloping several d ark globular bodies ( ), th at resemble in shape the ova of certain G asteropoda. T h at these belong to the same anim al seems probable from the occurrence of sim ilar ova ( , , a,) in the fossil represented, fig. 11 , which is the body of a Rotalia seen foreshortened in the horizontal plane ; in this spe cimen four large sacs are exposed, and these exhibit in a striking m anner the folded condition of the integum ent of which they are composed. T he globular bodies ?) are twenty-one in num ber.
The exam ination of th e specimens above-described will elucidate the nature of the rem arkable fossil delineated in fig. 10 ; a specimen, to which I would especially refer in confirmation of the opinion, th a t the appearances described can only have resulted from the preservation of the internal parts of the anim alcules in an unm i neralised state, like insects in a m b e r; at least no other interpretation occurs to me as affoKding so satisfactory an explanation of the phenom ena under review.
In this example the entire integum ent of the body of a R otalia appears to be pre sent, the shell having been wholly removed by the acid. The m em brane of the largest sacs is very m uch corrugated, and disposed in num erous duplications, pro bably from the empty state of those o rg a n s; b u t the general contour of the original shell is preserved, and the inner subdivisions m aintain an involuted discoidal arrange m ent, Some granules dispersed through a mass of light-brow n m atter, appear in the upper p art of the specimen ; and on several of the sacs there are papillae, which may be regarded as indications of the bases of pseudopodia. The draw ing so faithfully represents the original, th a t further description is unnecessary*. On this fossil I cannot forbear to observe, th a t this extraordinary preservation of the soft de licate body of an animalcule invisible to the unassisted eye, through the innumerable * The shell of this specimen was probably of the same species as that represented in fig. 6 . ages th a t m ust have elapsed since the deposition of the chalk in which it was en shrined, is a fact not less rem arkable than the occurrence of the carcase of the Lena M ammoth, in the frozen soil of Siberia.
In another example ( fig. 7 )j & series of sacs, held together by the connecting tube, is uncoiled as it were, and extended in a longitudinal direction ; proving the flexible nature of the original substance.
On examining by reflected light, under the microscope, some pieces of chalk col lected from the stratum which yielded the fossils above-described, m inute particles of a brown colour may be observed scattered over the su rface; these I have no doubt are remains of the integum ents of foram inifera; for in one instance, three cells of the shell of a R otalia lined with a sim ilar substance, were exposed. M utilated Rotaliee, consisting of only four or five sacs ( figs. 2, 3) , and sometimes of but one ( fig. 4) , are common both in chalk and flint ; and these invariably have a torn and collapsed appearance.
The fossil organism s term ed by E hrenberg Xanthidia, which have long been known in flint, and were form erly considered to be siliceous, have been shown by M r. D eane to occur in the chalk in a sim ilar condition to the R otaliee; an unequivocal proof of the flexible nature of the original (see fig. 1 ).
T h at the correctness of the statem ents embodied in the preceding rem arks m aybe verified, I subm it the specimens to the Royal Society for exam ination under the microscope.
I will only add, th a t if the explanation I have suggested of the facts described be correct, and the fossils before us are the delicate soft parts of anim alcules preserved in chalk and flint, in like m anner as the bodies of mollusks occur as a carbonaceous substance in the W ealden freshwater lim estones-this discovery, though relating to some of the m inutest forms of existence, may yet prove an im portant element in many of the most interesting speculations of the g eologist; for in strata in which no vestiges of shells, corals, or other dense organisms have been detected, the relics of countless m yriads of beings may lie concealed*. Fig. 10 . The internal parts of a R otalia from the chalk. T he folds and duplicatures of the integum ent of the digestive organs are beautifully displayed; the intestinal canal is concealed by the m em branous s a c s ; the discoidal arrangem ent of these organs is preserved in the inner convolutions. This specimen is in an extraordinary state of preserv atio n : from Folkstone, The original is about -^th of a line in diam eter. « Fig. 11 . Four large mem branous sacs of a Rotalia seen in a fore-shortened position; the sacs are folded and collapsed. There are upwards of twenty ova (?) ( a, a, a,) in connection with the anterior part of the specimen. and intestinal tube are partially filled with a brown granular endochrome, and are very distinct. Fig. 1 3 . A R o t a l i a, collected by M r. W il l ia m s o n , from a recent deposit of m arine sand, near B oston, Lincolnshire. In this figure the specimen is repre sented as seen by reflected light, with a power magnifying fifty diameters. Fig. 14 . The same object viewed by transm itted lig h t; the body of the anim al occupies the cham bers of the shell, as in the recent state, and closely resembles in appearance the fossils above delineated. Fig. 15 . T he shell of a recent R otalia from the Levant.
Figures 9, 13 and 14, have been added to the Plate, by permission, since the com m unication was read before the Royal Society.
